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Abstract. —Wedescribe the behavior and nesting dynamics of the solitary leaf-cutter bee Mega-

chile assumptionis Schrottky, which nests exclusively in deserted burrows of the solitary apid bee,

Ptihthrix plumata Smith. Adults were active between April and September. Males patrolled the

nesting sites and flowering bushes searching for females and nectar. Mating occurred both on the

soil near the nests and on flowers of Vernonia rubrirnmen (Asteraceae). Females only investigated

and selected single-celled deserted nests on trails where P. plumata had previously nested. The

nest is a vertical burrow in which the walls are lined by the females. The brood cell is linked to

the outside by a tunnel filled with leaf fragments. Two caps of masticated leaves close the nest

tunnel at different levels and another closes the cell. The nests were supplied with provisions of

pollen and nectar and the females laid their eggs on the top of a semisolid provision mass. Adults

emerged at different times of the year, which suggests that there are at least two annual gener-

ations. Prepupae of M. assumptionis can remain dormant in the cells either from October to March

or from April to August. The nesting biology of M. assufnptioiiis differs from that of the Nearctic

Megachile brevis Say, particularly in the latter's use of several kinds of cavities and in the com-

paratively greater abundance and mobility of the individuals.

While the majority of bees are solitary,

constructing their nests in bare, drained

ground exposed to sunlight (Batra 1984;

Martins and Antonini 1994; Martins et al.

1996), the family Megachilidae shows a

wide range of nesting types, including

species that construct free-standing nests,

many that nest in the soil, and others that

dig their nests in wood or plant stalks or

even occupy pre-existing cavities (Miche-

ner and Szent-Ivany 1960; Krombein 1967;

Bohart and Youssef 1972; Eickwort et al.

1981; Martins and Almeida 1994). The

Megachilidae are also biologically inter-

esting in the way they draw on a wide

variety of material in constructing their

nests, such as cut pieces of leaves and pet-

als, chewed leaves, plant fibers, resin, clay,

mud, sand, and pebbles (Stephen et al.

1969; Yanega 1994). Two other unusual

features, not found in the parasitic species

of this group, are the method of trans-

porting pollen on a ventral abdominal sco-

pa (rather than pollen-gathering hairs on

the legs) and the practice of cutting pieces
of leaves in constructing nests (in species
of the genus Megachile, from which the

name "leaf-cutter bees" is derived; Ste-

phen et al. 1969; Michener 1974).

Megachile that nest in pre-existing cavi-

ties show differing degrees of specializa-

tion, ranging from those that nest exclu-

sively in the empty shells of molluscs, ter-

mite nests, or deserted nests of another

solitary bee species to those that use a

wide variety of cavities (Michener 1953;

Stephen et al. 1969; Iwata 1976; Messer

1984; Martins and Almeida 1994). The

habit of using pre-existing cavities appar-

ently has evolved, several times, from dig-

ging ancestors (Eickwort et al. 1981).

M. assumptionis Schrottky is at one end
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of this specialization ranking, as it nests

exclusively in the deserted nests of anoth-

er solitary bee, in the family Apidae

(
= Anthophoridae), Ptilothrix plumata

Smith. This may result either from adap-
tation or preadaptation and could have an

influence on the ecological characteristics

of the species, such as a limit to popula-
tion growth (Martins and Almeida 1994).

Unfortunately, there has been a scarcity

of detailed studies into the ecology and

behavior of solitary bees in the Neotropics

(Roubik 1989, but see Martins and Anton-

ini 1994; Martins and Almeida 1994; Mar-

tins and Figueira 1992; Martins et al. 1996).

In Brazil, despite the great richness of

Megachile species (Sakagami et al. 1967),

displaying remarkable interactions in

complex and varied environments, the

lack of studies has meant that knowledge
of these insects is limited.

The aim of our study was to provide
information on the nesting behavior and

dynamics of M. assiimptionis from the

foundation of the nests to their closure,

and later on, emergence of the new adults.

A further objective was to compare the bi-

ology of M. assumptionis with that of M.

brevis, a well-studied species in the Nearc-

tic region (Michener 1953).

METHODS

The work was undertaken in the Eco-

logical Station of the Campus-Pampulha
of the Universidade Federal de Minas Ger-

ais, Belo Horizonte, Brazil. This station

comprises 156 ha of mixed vegetation,
which is crossed by a number of trails and

dirt roads, as described in Martins and Al-

meida (1994). Preliminary observations re-

lating to M. assumptionis and its interac-

tions with P. plumata were made in May
1992 but most of the present data was ob-

tained from January 1993 to September
1994, totalling 485 hours of observation

(225 and 260 hours, respectively).

The ad libitum and "focal individual"

methods were used to study nesting be-

havior (Martin and Bateson 1993). A 700m

trail was visited between 0900 and 1300

hours, the peak hours of bee nesting activ-

ity. From April to September visits were

more frequent (at least 10 days per

month). From October to March visits

were more sporadic as there is usually no

adult activity in this period; only routine

checks were required to see whether new
individuals had emerged.

We analyzed selection of nesting site,

cell construction, provisioning, nest clo-

sure, mating, male patrolling, longevity
and adult mobility. Captured individuals

had their scutum marked with fast-drying

paint. If recaptured, they were recorded,

remarked if necessary, and released again.

Nesting dynamics were studied by re-

cording every single P. plumata and M. as-

sumptionis nest along the same trail. The

nests were identified and labelled with

metallic arrows (4 cm long by 5 mmwide)
nailed to the ground. The arrows were ei-

ther distinguished by different colours

corresponding to those colours marked on

their respective founding females or else

marked by numbers. After the nests had

been closed by the females, marked plastic

cup emergence traps were nailed over the

entrances to record the period of egg-adult

development and emergence of brood

parasites.

Twenty-three nests were excavated in

1993 and 10 in 1994 in order to shady their

inner structures, the material used in their

construction, and the development of the

immature stages. The method of deter-

mining the degrees to which water would

penetrate a cell was to submerge it in wa-

ter for 24 hours.

We measured height and width of six

cells and tunnels and calculated average
and standard deviation for all these mea-

surements. Voucher specimens of the bee

species were deposited at the Laboratorio

de Ecologia e Comportamento de Insetos

of the Departamento de Biologia Geral,

ICB-UFMG, Belo Horizonte, Minas Gerais,

Brazil. Two M. assumptionis females were

also deposited in the Snow Entomological
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Museum of the University of Kansas,

Lawrence, KS, USA.

RESULTSANDDISCUSSION

Nesting Site Selection and Cavity Occupa-
tion. —The main factor which constrains

the nesting behavior of M. assumptionis is

the availability of P. plumata nests, as the

former species nests exclusively in desert-

ed nests of the latter (Martins and Almei-

da 1994). No females were observed either

digging or nesting in any sort of poten-

tially suitable cavities such as crevices in

the soil and sand banks, termite burrows,

or vacant nests of Diadasina distincta

Holmberg (Apidae); all of these are used,

for example, by M. neoxanthoptera Cock-

erell, another syntopic and cavity-gener-
alist megachilid (Martins and Almeida

1994; Martins and Antonini 1994).

Females of P. plumata adopt a scattered-

nesting behavior which influences the

searching behavior of M. assumptionis fe-

males. They fly over the area and select

one from a number of potentially avail-

able nests. The searching flight itself and

the exact moment of selection was not ob-

served, but the females would explore
cavities and decide about its occupation

by flying in a sinuous or zigzag course,

close to the ground, investigating sticks

and other possible nesting places, in the

same way as females of M. brevis. The

flight is continuous apart from irregular

and often rather long interruptions which

occur while a bee crawls into a hole (Mich-
ener 1953). The precise factors that deter-

mine whether or not M. assumptionis and

M. brevis females will decide to occupy a

cavity are presently unknown.

Only one kind of flight has been recog-
nized as characteristic of M. assumptionis
females. This flight helped to distinguish
females from males (see below). It was a

fast flight, about 50 cm above the ground,

along the trail, without any pause for an

investigation of cavities. One explanation
for this flight might be that it is associated

with the nest-provisioning phase.

There were two cases of reoccupation of

M. assumptionis nests, from which adults

had already emerged, apart from the oc-

cupation of deserted nests of P. plumata.
These nests were reoccupied by other fe-

males, 2-7 days after their emergence.
Nest reoccupation was not observed for

M. brevis (Michener 1953).

The females and males have also been

seen inside either deserted or active nests

of P. plumata and even in other shallower

and narrower cavities (between 1-2 cm).

In these cavities, the individuals often

stayed for an undefined period (from a

few minutes to one hour) or even stayed

overnight, with the abdomen visibly

raised, close to the nest entrance. There is

no evidence that either the males or the

females spend the night inside their own
nests, or those of conspecifics. However,
M. brevis females spend the night in their

nests and also probably hiding in curled

leaves or seeking similar protection (Mich-
ener 1953). Females of M. assumptionis

may, however, remain in the nest during

strong rains. This was observed for a fe-

male that was coming back from a provi-

sioning trip. She entered the nest tail-first

and remained there with her head close to

the nest entrance. When the rain had start-

ed, she exited and re-entered the nest,

head first, keeping her abdomen up (the

only visible part) and blocking the nest en-

trance. At the same time, two females of

P. plumata were in a similar position in

their own nests, next to the M. assumption-
is nest; this behavior might be attributed

to the need to protect provisions from rain

water and was not observed in M. brevis.

Male Patrolling Behavior. —The males

were normally seen patrolling the nesting
site. They fly just above the ground, in-

vestigating a variety of cavities, such as

deserted or active nests of M. assumptiofiis

or P. pjlumata, nests of D. distincta, or any
other sort of cavity. When they interrupt
their flight, they may or may not stop near

the cavity entrance, possibly entering as

far as the level of the thorax or else com-
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pletely. The time spent in a cavity varies

and sometimes they are accompanied by
a female who is already there, and in the

morning sometimes they remain in the

cavities for over an hour.

The males are able to patrol the whole

of the trail extension; four individuals

were located 600 m from where they had

been marked. The scattered-nesting pat-

tern influences the behavior of the males

and might be one of the primary reasons

for patrolling (Martins and Almeida 1994).

Males were often observed near the en-

trances of active nests, adopting a peculiar

posture, which may be described as the

"guard position". When in this posture,

their wings were half-open or entirely

closed. They would also perform a brief

flight and then come back again soon af-

terwards. As this phenomenon was only
observed in active nests, it can be ex-

plained by the presence of a female either

provisioning or preparing the nest for pro-

visioning.

Mating.
—

Matings were observed on the

soil near the nest entrances and on flowers

of Ver)io)iin ruhriramea. Although both sex-

es were promiscuous, up to 6 matings
were observed for a single couple. Be-

tween one mating and the next, the male

would visit flowers to drink nectar, as was

seen once on a bush of Waltherin ameriama

(Sterculiaceae).

The pattern of the mating process was

as follows: the female remains inside the

nest with the male standing in the 'guard

position'. Then he enters up to the level of

the thorax or half the body and probably
touches the female abdomen before leav-

ing the nest. Shortly afterwards, the fe-

male leaves too, and allows the male to

mount her. He holds her body with his

front legs and sometimes opens his wings
before going away. Copulation lasts for

about 3 seconds. Then, the female starts

gathering pollen again. The male either

disappears or else mates with another fe-

male in a nearby nest.

Not every male succeeds; sometimes the

pieces of leaves

1 cm

Fig. 1. Structure of a nest of M. assiimptioiti^, in a

deserted nest of Ptilothrix plumntn, showing the clos-

ing "caps."

females did not allow them to approach,
and even after the male had mounted,

mating was not always finished because

the female would fly away. When there

were no females, the males would stay in-

side the active nests, only leaving when
the resident female returned, to let them

inside. Sometimes, while flying back to

their nests, the females were followed by
the males. On other occasions, the males

would stay inside the nests, together with

the females, for about one minute. There

is no clear explanation for this behavior.

In M. brevis, males occasionally pursued
the females and tried to approach them.

However, not enough mating was ob-

served during the three years of study for

any definite conclusions to be drawn

(Michener 1953). Apparently mating tend-

ed to occur very soon after emergence. By
contrast, mating of M. assumptionis was
observed throughout the reproductive
season, with matings recorded in April

(late). May (early), July (early), and Au-

gust (early), and males present through-
out the season.

Cell Construction and Provisioning.
—Af-

ter selecting a deserted nest, the female

starts working in it, keeping the basic

structure intact (Fig. 1). Cells averaged
1.55 ± 0.18 cm in height and 1.14 ± 0.06

cm in width and were linked to the out-

side by tunnels averaging 2.38 ± 0.55 cm
in height and 0.50 ± 0.03 cm in diameter

(n
=

6). The female first lines the inner cell
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cells composed

of cut leaves

Fig. 2. Structure of the brood cells in a nest of Mega-
chile ueoxanthoptcra in a deserted nest of Ptilothrix plu-

inata.

wall, spreading a paste made of masticat-

ed leaves mixed with a presumed man-
dibular or salivary secretion. It is un-

known whether the unusual clypeal horn

of this species is used in the process. This

results in a lining that eventually turns

into a dry and darker thin material, hardly

separable from the wall.

Due to their specialized behavior in us-

ing deserted nests of P. plumata, the cells

of M. assumptionis do not follow the gen-
eral pattern adopted by leaf cutter bees, as

in M. hrevis (Michener 1953), M. neoxan-

thoptera (Martins and Almeida 1994), or M.

instita (Yanega 1994). Usually, these and

other species of the same genus cut long

pieces of leaves and /or petals to make
brood cells in the form of an overlapped
leaf structure, sometimes called a "cup",
which is easily detachable (Fig. 2). These

species also cut round pieces of leaves and

petals to make the caps that block the

nests' /cavities' entrances.

Megachile assumptionis does not utilize

the free room available in the tunnel to

construct more cells. This behavior differs

from that of M. neoxanthoptera, which, for

example, once occupied a deserted nest of

P. plumata, with three cells placed end to

end and snugly fitted (Fig. 2). In compar-
ison, M. brevis may construct 1-11 cells,

using all room available in the hollow

(Michener 1953). After the cell has been

lined, provisioning is started, the final

product being a semisolid mass composed
of pollen and nectar. A part of this mate-

Fig. 3. Closed nest entrance of Megachile assumption-

is, showing the small pebbles used in the process and

the intact turret.

rial comes from Vernonia rubriramea (As-

teraceae) plants, where some females were

observed gathering pollen and where bees

of both sexes were seen drinking nectar.

M. brevis uses a pollen and nectar mixture

in provisioning its nests, as well (Michener

1953), as do all Megachile species.

When the provisioning has finished, the

female lays an egg on top of the surface

of the provision mass as in M. brevis

(Michener 1953). The egg is about 5 mm
long, with a similar shape but larger than

that of M. brevis, which is 3 mmlong.
Mature larvae of either species construct

a cellophane-like waterproof cocoon that,

in the case of M. assumptionis, helps pre-
serve a favorable microhabitat during the

period of immature dormancy (which is

sometimes long; see below).

Nest Closure. —After laying the egg, the

female blocks the cell entrance with a

small cap, made of a mixture of chewed

leaves, grains of sand and a secretion,

probably glandular. Then she fills in the

tunnel, just above the cell, with several

layers of cut and overlapped leaves, that

are pressed and compacted by the man-
dibles. As she cuts the leaves, the bee

turns its body so that a piece is cut out

with the mandibles working like scissors,

in semicircular movements.
When the tunnel is filled in, the female

leaves the nest, comes back with water,

and then starts, close to the nest, to collect

sand and /or pebbles. This material is

gathered by the front legs and is then

transferred to the mandibles, where it is

mixed with water to produce mud. The

pebbles are either obtained around the

nest entrance, left over from P. plumata ex-
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Fig. 4. Number of individuals of Megnchilc afnimp-

tionis marked in 1993 (gray bars) and 1994 (black

bars).

cavation (Martins et al. 1996), or even

taken from leaf-cutter ant colonies (Atta

sp.). The female seems to push the mud
by using her mandibles, and in this way
constructs another cap, at ground level.

The number of caps constructed in the

nests could be 1-2. When there were 2

caps present, another layer made of cut

leaves was found between them.

The process of nest closing might be in-

terrupted by the female in order to get
some nectar. This happened in the case of

one female, which flew to one V. rubrira-

mea close to her nest.

The last step in nest closure consists of

gathering sand and /or pebbles with the

mandibles and putting them together on

top of the nest entrance (Fig. 3). In this

process the bee avoids destroying the little

turret (about 1.5 cm) constructed by the P.

plumata female (Martins et al. 1996). This

particular behavior of M. assumptionis
makes clear the difference between her

closed nests and those of P. plumata,
whose females usually destroy the turret

during nest closure (Martins et al. 1996).

Nesting Activity, Life Span and Dorman-

cy.
—M. assiimptionis is a locally rare spe-

cies, which makes generalizations on phe-

nology difficult. However, observations

on a total of 66 individuals in two consec-

utive years indicate activity from April to

September (Fig. 4).

1
Apr May Jun Jul Aug Sep

Fig. 5. Number of nests founded by Megachile as-

sumptionis in 1993 (gray bars) and 1994 (black bars).

The adult population varies during the

year with two peaks. The first one is in

April and May and the second in July and

August. During June and from September
to March, the adults were hardly seen or

not seen at all. For unknown reasons there

was a steep fall in number between these

two peaks in June in both years (Fig. 4).

During the active season, 43 and 14

nests were founded in 1993 and 1994 re-

spectively (Fig. 5). The bees are more ac-

tive from April to May and from July to

August, with a sharp decrease in July and

September (Martins and Almeida 1994).

However, we found a smaller number of

founded nests in the first portion of the

second year as compared to the same time

in the previous year (Fig. 4). This differ-

ence might be related to a reduced avail-

ability of nests of P. plumata: 404 in 1992,

275 in 1993 and 270 in 1994 (Martins et al.

1996). The decrease in the nesting activity

might also have been due to environmen-

tal factors; drought might have made it

difficult for the bees to dig their nests.

There is a time lag of 1 month between

the peak of nests founded by M. assump-
tionis and P. plumata. This time lag in nest

founding occurs because of the delay in

adult emergence time resulting from M.

assumptionis prepupal dormancy (Martins
and Almeida 1994). M. assumptionis pre-

pupae also become dormant throughout
the rainy season, from October to January,



350 Journal of Hymenoptera Research

Table 1. Recorded emergences of Mcgncliilc ns-

iiiniptionis in 1993 and 1994.

Table 2. Mortality, survival and desertion of nests

in Megachile aisumptionis in 1993 and 1994 (percent-
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known. In at least 17% of the excavations

there was no sign of any cell, tunnel or

immatures. Furthermore, in 1993, 12 nests

were lost due to work done by a bulldozer

in the study area. According to MarHns et

al. (1996), one possible reason for the loss

of the contents of bee nests is ground
modifications resulting from termite activ-

ity or even the intense predation by ants

nesting in the vicinity.

Diptera rather than termites are more

commonly known as natural enemies of

solitary bees. Among them, larvae of An-

thrax sp. (Bombyliidae) have previously
been observed consuming Megachile lar-

vae (Roubik 1989). Although species of

Anthrax occurred in the nesting site of M.

assumptionis and were recorded parasitiz-

ing P. plumata nests (Martins et al. 1996),

no individuals emerged from any of the

M. assumf'tkmis nests. This might be par-

tially due to parasite preference for anoth-

er apid, Diadasina distincta, that nests in

the same area and is heavily parasitized

(Martins and Antonini 1994).

Adult Longevity and Mobility.
—The re-

covery rate of marked bees was 45%.

These figures are satisfactory when com-

pared to those found for M. hrevis —8%
(Michener 1953). The low numbers found

by this author are accounted for by the re-

markable mobility of the individuals. The
bees would concentrate in an attractive

patch of flowers and then disperse when

they ceased to bloom. The result was an

apparent drop in the population size

(Michener 1953). In contrast, A4. assunip-

tionis individuals were more sedentary,
since they were locally confined to the

nesting site of P. plumata. In 1994, for ex-

ample, all recoveries occurred in the same

place where the bees had been marked, in-

dicating low mobility (Martins and Al-

meida 1994).

The data recorded for M. assumptionis
show male bees may live about twice as

long as females. In both years, the individ-

uals were recovered between 2 to 48 days
after being marked. In 1993, the maximum

values observed were 48 days for a male

and 19 days for afemale. In 1994, the val-

ues recorded were 28 days for a male and

16 days for a female. As regards M. brevis,

the maximum time interval between the

marking and the recovery was 22 days for

a male, although there is some evidence to

suggest that the individuals can live for

approximately one month (Michener
1953).

This also suggests that longevity in in-

dividuals of tropical solitary bee species
can be longer than in temperate regions,
but much more data on other species is

needed to verify this possibility, as there

is a lack of information (Roubik 1989).

CONCLUSION

The behavior and nesting dynamics of

M. assumptionis show that it is a rare spe-
cies in this locality and specialized in that

it uses deserted nests of P. plumata. Unlike

most of the species in the genus whose

nesting biology is known, M. assumptionis
does not construct rows of brood cells of

cut leaf pieces in natural cavities or bur-

rows of its own making, but instead uses

the pre-exisHng, empty cells constructed

by another solitary bee, provisioning only
a single cell in each nest. It may therefore

experience a scarcity of suitable nesting
sites and some restrictions on fecundity,
and we suppose that the limiting resource

in the ecology of this species is nest sites

rather than pollen availability or preda-

tor/parasite pressure. In contrast, M. brev-

is is one of the commonest Megachile spe-
cies in North America, presumably be-

cause it is so generalized in its use of nest-

ing substrates.
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